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Abstract — An important part of this work is focused on the 
analysis of wind-waves in the Berre lagoon, and how the 
bottom roughness modified by sea grass meadows further 
affects the wave’s height in a shallow water area. The 
prevailing winds in Berre lagoon are the Mistral (Northwest 
wind), the Southeast and the West winds. These analysis will 
come as a result of many simulations done using numerical 
modeling software like Tomawac and GPUSPH 3D. The 
primary objectives is to calibrate Tomawac with the physical 
observations made at the site. All the Tomawac simulation 
results on the attenuation of wave height due to sea-grass 
meadow are compare with the data and with the GPUSPH 3D 
simulations for which the plant are representing by a range of 
solid particles surrounding by fluid particles taken into account 
the 3D interaction fluid/solid. 
I. INTRODUCTION 
Coastal ecosystems like the Zostera marina and Zostera 
noltii sea grass meadows have been part of the Berre lagoon 
in the Mediterranean France since centuries ago, occupying a 
surface that exceeds 60 km² [1]. According to some 
researchers, urban and industrial pollution and the diversion 
of Durance River for hydroelectric power in 1966 resulted in 
an increase in freshwater and silt inputs, perturbing the 
lagoon in such a way that the Zostera meadows declined 
dramatically. As a consequence, Zostera marina completely 
disappeared, and the Zostera noltii has been reduced to four 
patches covering only 0.015 km². An important part of this 
work is focused on the analysis of wind-waves in the Berre 
lagoon, and how the bottom roughness modified by sea-grass 
m  dow  fu  h    ff c    h  w   ’  h  gh        h   ow w     
area. The prevailing winds in Berre lagoon are the Mistral 
(Northwest wind), the Southeast and the West winds. These 
analysis will come as a result of many simulations done 
using numerical modelling software like Tomawac and 
GPUSPH 3D [2]. 
The primary objectives are to calibrate Tomawac [3] with 
the physical observations made at the site [4]. The first step is 
to study the energy dissipation methods inside a no sea grass 
area. Then we incorporate the effects made by sea grass, on 
w   ’  p op g   o . W  comp     h   um   c      u    w  h 
in-situ data to determine the better method to simulate the sea 
grass effects. The Tomawac model is used to simulate the sea 
states by solving the balance equation of the action density 
directional spectrum. The wave directional spectrum is split 
into a finite number of propagation frequencies and 
directions to be calculated. The model is said to be a third 
generation model (e.g. like the WAM model [5], [6]), since it 
does not require any parameterization on the spectral or 
directional distribution of power. The waves are created by 
the wind generation model and propagated in the domain. 
The Janssen formulation is used for the wind generation. The 
J      ’  fo mu    o    qu             p   m     .  om  of 
these parameters may take a range of values to adjust the 
wind generation model to our site configuration (i.e. fetch 
length, water depth of the lagoon). Another important 
parameter used in this model is the bottom friction 
dissipation. It is computed by the contribution of the bottom 
friction in the source term with the Hasselmann et al.'s 
formulation [7], modified by Bouws and Komen [8]. 
According to the authors, the bottom friction dissipation 
could take a wide range of values.  
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II. STUDY AREA AND METHODOLOGY 
A.  Study area 
The study area of this project is a beach located in the 
Berre lagoon in the Mediterranean coast of France. It is 
m    o  d            ch  bou  “  d m      o    d   o  o     
a Zostera noltii meadow” done in this same location, that the 
area of Berre lagoon is 155 km2 and that it  is one of the 
biggest lagoons in coastal Mediterranean area. Furthermore, 
this lagoon is considered as a brackish water body, due to its 
connection with the Mediterranean Sea by the narrow 
Caronte channel. Also, it receives water and sediments from 
three small river catchments: the Cadière River (73 km2), The 
Arc River (400 km2) and The Touloubre River (730 km2). 
(See Fig. 1). 
 
Figure 1.  Location of the Berre Lagoon with respect to some rivers and 
channels 
 
Figure 2.   Location of area of study and the respective fetch length of all 
three main winds tested 
B. Methodology 
It is said that sea grass meadows like the Zostera noltii 
fulfil several coastal ecosystem services such as coastal 
protection, provision of shelter for fishes and fish nesting 
sites, and water oxygenation. In fact, these aspects are related 
in part on the capacity of these meadows to attenuate waves 
and to slow down currents. 
An important part of this project is focused on the 
analysis of waves generated by winds in the lagoon, and how 
the roughness of the bottom (in this case, the bottom filled 
with sea grass meadows) furth    ff c    h  w   ’  h  gh     
this area. The principal winds that have an influence over the 
Berre lagoon are the Mistral (north-western), the Southeast 
and the West winds. This analysis will come as a result of 
many simulations done using numerical modelling softwares. 
The primary objectives of this project are as follows: 
 Calibrating Tomawac with the physical observations 
made in-situ (for constant wind and direction) with 
no sea grass zone. 
 Studying the energy dissipation methods, used to 
incorporate the effects made by sea grass, for waves 
and comparing results numerically. Also to 
determine which method is better for simulating the 
effect of sea grass. 
 Using wind time series to develop currents in 
Telemac. 
 Using Telemac current file as an input file for 
Tomawac and also applying wind time series in 
Tomawac to obtain more reliable results. 
In a first step, efforts are put in to understand the working 
methodology of the aforementioned tools. It was strived to 
calibrate the results of Tomawac with the actual physical 
result using constant winds with no sea grass and also, to 
study the effects sea grass would have on waves. The two 
dissipation methods were studied and were compared 
numerically. A second approach with a 3D SPH method will 
be also tested.  
III. BACKGROUND 
Before Zostera noltii was a species of sea grass known by 
the common name dwarf eelgrass. It was originally described 
in 1832 by Hornemann, and was later placed under the 
subgenus, Zosteralla. However, since this species were 
reclassified as Nanozostera noltii by Tomlinson and 
Posluzny in 2001, actually the name adopted is Zostera 
noltei . 
 
Figure 3.  Example of a Zostera noltii. 
Zostera noltii has a wide distribution in the Atlantic 
Ocean, and it is also found in shallow coastal waters in north 
western Europe, the Mediterranean Sea, Black Sea, Caspian 
Sea and Aral Sea. Its growth starts in the spring season when 
new leaves start to appear and the lengthening and branching 
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of the rhizome. Dense beds of shoots appear with sea grass 
meadows covering the intertidal flats during the summer, and 
at this time, flowering takes place. By autumn, growth has 
stopped and over the winter most of the leaves either get 
broken off or are eaten by birds so that the only parts left are 
the submerged rhizomes. 
In addition, this sea grass has a creeping rhizome of 
approximately 0.5-2 mm in diameter and is unable to grow 
vertically. A rhizome is a modified subterranean stem of a 
plant that is usually found underground, and it is often 
sending out roots and shoots from its nodes. This lack of 
vertical growth and the small size of the plant make this 
species susceptible to burial. 
Zostera noltii is considered as an important part of the 
intertidal and shallow subtidal ecosystems of estuaries, bays 
and lagoons. Further, it plays an important role in the capture 
of suspended particulates, in a way that when these 
sediments are captured by it, they tend to settle between the 
plants and accumulates.  
In this sense, Zostera noltii and other sea grasses are 
important in establishing sediments and reducing wave 
energy, and may provide a coastal defense against erosion. It 
is however sensitive to being smothered by shifting sediment 
and has a low capacity to recover when buried. This may be 
due to its relatively short leaves and its lack of vertical 
rhizomes.  
Although Zostera noltii populations may be declining 
slowly, the IUCN Red List of Threatened Species lists it as 
being of "Least concern". 
Another important characteristic of the lagoon is the 
winds. In the case of the Berre lagoon, it is constantly subject 
to the influence of three types of winds: Mistral wind, 
Southeast and West wind. Firstly, the Mistral is described as 
a strong, cold and northwesterly wind that blows from 
southern France into the Gulf of Lion in the 
northern Mediterranean, with sustained speeds often 
exceeding 40 km/h, and sometimes reaching 100km/h. It is 
most common in the winter and spring, and strongest in the 
transition between the two seasons.  
In [4], it is mentioned that from analyzing wind data from 
nearby Marignane weather station, the northwestern winds 
(Mistral) had the most dominant effect over the Berre lagoon 
(accounting for 41.4% of the record). Furthermore, it was 
found that the Mistral winds presented the highest wind 
speed as well (up to 30 m/s). On the other hand, Southeast 
winds are the second most abundant in the area of study with 
29,1% and maximum speed of 23 m/s. An important remark 
is that strong winds (speeds higher than 10 m/s), are nearly 
equally distributed throughout the year but are slightly more 
common in winter and spring (27.6% from January to March, 
26.6% from April to June, 22.7% from July to September and 
23.1% from October to December). For example, in this 
research was found that the highest wind from February 2012 
to March 2013 study period was recorded during the winter 
of 2013 with 19.31% of winds with a speed over 10 m/s. 
From that 19,31% of all winds to give an order of magnitude 
to compare two of them, 15.43% corresponded to Mistral 
wind and 1.29% to southeast wind. 
Another relevant comment about winds is that their speed 
and duration are two parameters that directly affect the 
generation of waves in the sea. It is now important to 
mention that in fluid dynamics, wind wave or, more 
precisely, wind-generated waves, can be defined as surface 
waves that occur on the free surface of oceans, seas, lakes, 
rivers, and canals or even on small puddles and ponds. They 
usually result from the wind blowing over a vast enough 
stretch of fluid surface. It is said then that the generation of 
wind driven waves is initiated by the disturbances of cross 
wind field on the surface of the sea water. 
Wind waves are a local manifestation of the energy that 
has been transferred to the sea from the wind. However, this 
energy travels downwind away from the source area, rather 
like ripples in a pond when a stone is dropped in, or from the 
bow wave from a ship. These waves that move away from 
their source are known as swell. The stronger the wind is at 
the source area, the bigger will be the swell and the further 
will it travel. The longer that the wind blows in the source 
area, the longer will the swell persist, even long after the 
wind has ceased or changed direction. 
As these waves move away from the source area, energy 
is transferred from the short wavelength, high frequency 
waves to longer wavelength, lower frequency waves. Thus, 
the wavelength of swell increases with distance away from 
the source but the height, or amplitude, decreases relatively 
slowly. 
Nevertheless, when the swell effect takes place and when 
the generated waves are reaching the coast, due to the bottom 
slope the wave height will increase. But the energy of the 
wave will decreases due to the bo  om’   ough       d 
turbulence. 
Reflection and refraction are two other phenomena 
related to wind-generated waves that are worth mentioning. 
The first one refers to a change in direction of waves when 
they bounce off a barrier. In this case, not all the energy is 
dissipated when the waves hit the wall, in fact some of it 
remains to bounce back and create a very confused sea. On 
the other side, the refraction involves a change in the 
direction of waves as they pass from one medium to another. 
This effect is related to the bending of waves because of 
varying water depths underneath. 
An important factor in the formation, size and power of 
these waves is known as the fetch length, which can be 
described as the maximum length of open water over which 
the wind can blow unobstructed. Another key definition of 
this parameter, which applies directly to this project, is the 
distance imposed in order to let the wave develop. 
In the research cited above is also said that the Berre 
lagoon is considered as a fetch-limited setting in which the 
wave regime consists of only short-fetch waves with periods 
of 2 to 4s.  
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As mentioned before, the Berre lagoon is under the 
influence of three main winds: Mistral, Southeast and West 
winds, and their respective fetch lengths can be observed in 
Fig. 2. 
 
A. Tomawac 
Tomawac models in time and spacial dom     h  w   ’  
agitation and wind-driven waves with the finite element 
method. This program uses a group of input files and 
    hm   c’  c  cu    on to generate the output files. 
The results of Tomawac could be used for the following 
four purposes: Wave Climate Forecasting, hind casting, study 
of wave climatology and maritime or coastal site features 
Tomawac was used to calibrate the numerical wave 
heights produced by winds with actual recorded wave heights 
at particular stations at site. A correct calibration of model 
would result in predicting the behaviour of waves at the 
lagoon and can help in implementing necessary measures at 
the beach to cope with them. 
Several physical characteristics are present in a sea or 
coast which results in changing the characteristics of waves. 
Tomawac takes into account refraction, shoaling, bottom 
friction and bathymetric breaking. The wave-atmosphere 
interaction is the sole reason for the production of waves in 
the model i.e. due to winds. Also, it results in the dissipation 
of wave energy (white capping, wave propagation against 
winds).  
The physical processes mentioned earlier results in 
energy dissipation. Following energy losses are modelled in 
Tomawac: 
 Wind driven interactions with atmosphere. This 
interaction acts as an input source of energy to the 
waves. But one thing is important to mention that 
Tomawac does not model the loss of energy which 
results from the blocking of wave by wind. 
 Whitecapping dissipation or wave breaking, due to 
excessive wave steepness during wave generation 
and propagation. 
 Bottom-friction inducing emery dissipation. 
Dissipation through wave blocking due to strong 
opposing currents. 
 Non-linear resonant quadruplet interactions, results 
at greater depths. 
 Non-linear triad interactions, which are considered at 
small depths. 
 Wave propagation due to the wave group velocity 
and to the velocity of the medium in which it 
propagates. 
 Shoaling: Wave height variation process as the water 
depth decreases, due to the reduced wavelength and 
variation of energy propagation velocity, current 
induced refraction, interactions with unsteady 
currents. 
Wave’s energy in TOMAWAC 
The total energy induced in the wave is the sum of 
dissipated and induced energies produced as a result of 
physical interactions: 
 Q=Qin + Qds + Qnl + Qbf + Qbr + Qtr (1) 
Where Qin = Wind driven wave generation 
Qds = Whitecapping-induced energy dissipation 
Qnl = Non-linear quadruplet interactions 
Qbf = Bottom friction-induced energy dissipation 
Qbr = Bathymetric breaking-induced energy dissipation 
Qtr = non-linear triad interactions 
These terms are numerically modeled and different 
methods have been proposed by researchers for calculating 
their values. In this method, the energy losses associated to 
the sea grass friction are expressed in function of the plants 
dimensions which will allow the user to change the 
parameters for next possible simulations in different 
conditions. By defining the losses with a more complex 
model and by calibrating these parameters with some real 
data the user will improve the model accuracy and create a 
simulator applicable to different sea grass cases. 
The derivate of spectral wave density in time and in 
spatial domain reflects the variation of energy due to external 
actions and turbulence in the control volume. The following 
formula predicts how the sea grass changes the propagated 
wave energy and is add in the evaluation of Q from eq. 1.        √          ቀ    ቁ      ሺ    ሻ        ሺ   ሻ        ሺ   ሻ        (2)
This equation used by [9], based on the linear wave 
theory and an assumption of impermeable bottom, was 
proposed by [10], [11] and establishes a relationship between 
the wave energy loss and vegetation parameters in the case of 
random waves that are assumed to have the Rayleigh 
probability density distribution function [12]. The parameters 
in the aforementioned formula are:                                       ሺ     ሻ                                                                      
With      ቀ      ቁ  
where Uc is the current velocity magnitude. m=1.25 and 
 =0.6   wh ch      pp o  m   d u   g L    d Y  ’  d    
[13]. 
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                              ሺ                       ሻ                                               , g = gravity                     ,                                     
The energy equation was coded into the source code. 
Previously, in roughness method, the roughness of the sea 
grass area was subsequently changed and simulations were 
performed. However, in energy loss method, the physical 
characteristics of sea grass were coded. The simulations were 
performed for a set of parameters which were selected on 
some test results conducted on the sea grass samples. The 
simulated winds were: 
 Mistral 22 m/s 
 Southeast 14 m/s 
 West 11 m/s 
Simulations were performed by assuming different values 
of the parameters described earlier in the formula. 
 
B. SPH 3D 
The SPH method is based on the theory of interpolation 
([14]; [15]; [16]; [17]). Its formulation is often divided into 
two parts: the first being the integral representation and the 
second "the particle approximation". 
The integral representation of an arbitrary function  rF  
is defined as follows: 

      ''' drrrrFrF
V
  
 
where  'rr   represents the Dirac delta function, V 
the area of integration and the position vector r. For the SPH 
method an approximation to the delta function is: 

      ','' drhrrWrFrF
V
 
 
where h is the smoothing length defined by the area of 
influence of the smoothing function (or weight function) W. 
In the SPH method, the system is represented by a finite 
number of particles each carrying mass and other fluid 
parameters and occupying a defined area of space. We use 
"particle approximation" to discretize the domain. If )'(rF  
is known in N discrete points r1, r2 … rN then it can be 
approximated by: 

   


N
b
b
b
b
h hrrWF
m
rF
1
,'  
where the subscript b corresponds to a particle neighbour. 
The kernel function must satisfy ([14]; [16]; [17]) : 

 
   
 


 




hrrhrrW
rrhrrW
drhrrW
when
h
V


'0,'
','lim
1','
0
 
The first condition is the normalization condition, the 
second condition is the Delta function property that is 
observed when the smoothing length approaches zero and the 
third condition is the compact condition where   is a 
constant related to the length of smoothing and defines the 
effective area of the smoothing function. 
The stability of the SPH algorithm depends heavily on the 
second derivative of the kernel [18]. There are different 
kernel functions, the most known is a Gaussian function. In 
this study, we use primarily the function of the third order of 
Monaghan and Lattanzio [18] known as the B-spline 
function. 

   






s
ss
sss
h
hrW
v
20
21225.0
1075.05.11
), 3
32
 
with 
h
r
s   and   the normalization constant equal to 
7/10  for two dimensions.  
The accuracy of the SPH method can be improved by 
increasing the number of neighbours, which also 
significantly increases the computation time. In the case of 
3D, a number of neighbouring particles around 80 is a good 
compromise between accuracy and computation time. 
Fluid-solid interaction 
To simulate sea-grass under wave, we need to have solid 
particles of an order of millimeters and also to create a flume 
of some meters. So, we decide to create different size of 
particles in function of their types, and also to adjust some 
interaction law. We test three different forces to determine 
which one will work best for our kind of simulations.  
The well knows Lennard-Jones formulation is a purely 
repulsive force principally used for molecules interactions.  
The force  ሺ ሻ per unit mass between a solid and a fluid 
particle separated by a distance   has the form:  ሺ ሻ   ቀቀ   ቁ   ቀ   ቁ  ቁ                     ሺ ሻ             
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The constants    and    must satisfy the condition       to be repulsive, and was set to            as 
proposed by Monaghan [17].  Different lengths scale    have 
been tested because of our different particles sizes, and it 
seems that to prevent particles penetration it is better to use 
the biggest particles initial spacing which is for us the 
distance between to fluid particles. 
The coefficient D depends of the water depth   and it is 
usually taken as       but as it applied to all the 
p    c   ;    do   ’     m  o h    g      mpo    c . 
This two boundary forces give closed results to calculate 
solid and fluid interactions. 
With this method, we are able now to use different size of 
particle: for water and for plants. This allows us to create 
plants with the real thickness, to have a lot of plants (200 in 
Fig. 4) or to have several density of the sea-grass meadow 
(see Fig. 5).  
 
Figure 4.  GPUSPH 3D simulation with 200 plants  
 
Figure 5.  GPUSPH 3D simulation with the real bathymetry of the “pointe 
de Berre” and with plants on the zone 2 (see Fig. 6)  
 
IV. RESULTS AND DISCUSSIONS 
The figure 1 shows the lagoon and the beach location 
with measurement station during the survey. In this paper we 
use the in situ data do calibrate the wave simulation with a 
constant wind condition. We calibrate the waves with the 
data of the more offshore station.  
TABLE I.  CALIBRATION OF TOMAWAC SIMULATION  
Wind Wave Height Wave Height Numerical (m)  In-Situ (m)  
Mistral  1.27  1.2  
SE  0.38  0.38  
West  0.70  0.56  
 
The four other stations are used in this paper to compare 
 h  w   ’  h  gh   b  w             um   c    pp o ch  : 
Tomawac with roughness method or loss energy method and 
SPH method. The figure 6 shows the different zone of plants 
we numerically create for these numerical comparisons. 
Results from roughness and energy loss method will be 
compared. The best possible way for this would be to make a 
Telemac-Tomawac association taking into account a time 
series wind file, boundary conditions file with current 
coming from all rivers and entering by the channel connected 
with the Mediterranean Sea.  
But in a first step and for this paper, simplest examples 
with less complex inputs were made. The previous 
simulations were made with constant wind while the real 
values were a consequence of irregular wind in time and 
spatial domain; the simulation ignores and neglected a lot of 
external actions.  
The first objective was to find the roughness coefficient 
for the entire bay which is obtained by comparing numerical 
result with the observed value on the off shore station 
neglecting the work made by the sea plants there. After 
calibrating this parameter, simulations were made by 
changing the roughness values of a specified area in the 
source code. And the last mode of simulations was the 
Energy loss method which uses the physical characteristics 
of sea grass. 
By doing a numerical comparison between the wave 
heights obtained by roughness and energy method, we would 
be able to choose the better method which gives reliable 
results regarding the work done by the sea grass. Further, in 
future, the method could be directly use for calibrating the 
model taking into consideration the sea grass and wind 
velocity-direction time series.  
In the energy method, different cases were applied 
characterizing various physical parameters of sea grass to 
study the effect of work they would offer on waves. The 
cases have already been presented in the previous section 
The curves behaviour is the same as in the roughness 
method. The effect of parameters used in the energy loss 
method can be physically explained. Variation of plant 
density, height or diameter directly impacts the amount of 
energy dissipated but it can also be seen from the graphs that 
the effect is not much evident, though difference do exist in 
the values. The effects of parameters are exactly in 
accordance to the physics of the variables. Increasing the 
density, diameter and height of plant should decrease the 
wave height. 
For this energy method the same assumptions and 
justifications used on the roughness method can be made for 
each wind direction, so only some ideas will be added in the 
present article. These two methods differences are essentially 
on how the energy is dissipated. On the first one a friction 
force in the bottom of the control volume is added during 
finite element method computations, while on the second one 
a continue d fo m   o  o   h   p c     w    ’ compo  m    
is applied on the finite elements volume. After calibration, 
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this method gives the opportunity of predicting the 
propagation through any sea grass depending on its 
dimensions, which is a remarkable and powerful tool. By 
comparing the previous method results with these ones the 
same values on the off shore station should be obtained. The 
main difference between this and the roughness method 
should be on the more relevant waves heights increase before 
the sea grass zones.  
Both the methods dissipate energy in the sea grass zone. 
However, it can be seen from the Table II that the energy loss 
method results in more dissipation as compared to roughness 
method. Also, the method incorporates the physical 
characteristics of the plants which are more logical rather 
applying a roughness value in the bounded region. Literature 
gives us a limit for selecting the better energy dissipation 
method.  
TABLE II.  RESULT WITH THE TWO METHODS : M1 ROUGHNESS 
METHOD AND M2 LOSS-ENERGY METHOD , WOP = WITHOUT PLANTS, WP = 
WITH PLANTS 
Wind  
Wave height (m) Difference in % 
Wind 
Velocity 
WOP WP 
M1 
WP 
M2 
 
M1 
 
M2 
Mistral 22 m/s 0.32 0.28 0.21 10 37.8 
SE 14 m/s 0.25 0.24 0.21 4.7 17.3 
West 11 m/s 0.24 0.23 0.22 2.6 5.6 
 
It states that the percentage difference of wave height at a 
station should be between 25-40% for heights corresponding 
to no sea grass and heights corresponding to one of the 
energy dissipation method. The energy method seems to 
more correspond with the classical result in wave attenuation 
in the literature. 
To evaluate and compare the Tomawac result with the 
energy method and the SPH 3D, we create a new sea grass 
zone (Zone 1 on Fig. 6) and we look at the wave height along 
the line plot in the middle of the simulation domain for the 
3D SPH using the real bathymetry on this figure.  
 
Figure 6.  Study area with numerical sea grass test zone and measurment 
stations. 
Th  T b        how   h  w   ’  h  gh   ob       o g  h  
line across zone 2 of sea-grass (see Fig. 6). With the SPH 3D 
method we can give the plant flexibility we want. The fixed 
plants are tested here but will be more use to compare with 
experiment where the sea-grass meadow is represented with 
piece of wood. The results seem to be coherent: a higher 
wave height before the WFP, because they play more a wall 
role. The simulations with Fixed or flexible plant give an 
     u   o  of  h  w   ’  h  gh s after the zone.  
TABLE III.  RESULT WITH THE GPU SPH 3D FLUID-STRUCTURE 
INTERACTION METHOD , WOP = WITHOUT PLANTS, WP = WITH PLANTS 
AND WFP = WITH FIXED PLANTS 
GPU 
SPH 
3D 
Wave height (m) 
Before 
Zone 2 
Middle 
Zone 2 
After 
Zone 2 
WOP 0.3306 0.28461 0.3066 
WP 0.32675 0.28474 0.30807 
WFP 0.33113 0.2868 0.30606 
 
 
Figure 7.  Wave height (m) evolution from offshore with or without plants 
obtain with Tomawac and loss energy simulation to compare with GPUSPH 
3D from table III. 
The figure 7 shows the result obtain with the Tomawac 
simulation using the energy loss method in the case of the 
zone 2 as in the simulation with the GPU SPH 3D method. 
We obtain the attenuation of the wave height in the same 
order but more in the middle of the zone.  
In conclusion the loss-energy method implemented in 
Tomawac and the development in term of Fluid-Structure 
interaction add in the GPU SPH 3D allow us to simulate 
wave due to wind over sea-grass meadow with real 
dimension  in time and space. For making the results more 
reliable, wind time series should be used for Telemac for 
producing the currents and these currents file should be use 
as an input for the Tomawac. Obviously, currents would be 
causing change in energies at very instants; therefore, 
incorporation of such parameters can further enhance the 
results. The interaction wave-current could be included in the 
loss-energy method through the   parameter and as to be 
tested with the current measurement in-situ. 
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